Calculating the energy release in fuel elements is an important aspect of the modeling and design of nuclear reactors. Most of the energy is produced by fission, but a non-negligible percentage is coming from neutron capture reactions, such as (n, γ) or (n, α). We implement a previously developed method for the calculation of effective energy release using Serpent Monte Carlo code. We investigate the percentage of capture component in effective energy release for various models of VVER-1000 fuel: firstly, an equivalent cell, then fresh fuel assemblies of different compositions, differing in fuel enrichment and the presence of burnable absorbers.
Introduction
Calculation of physical characteristics of nuclear power reactors is a complicated task.
The precision of the calculation strongly depends on the used methods and nuclear data. Nowadays high computational powers of supercomputers give the possibility to perform complex and precise calculations. Using Monte-Carlo codes one can obtain results with very low statistical errors. However, final bias of the calculated physical value depends not only on the Monte-Carlo statistical error, but also on the table data used in the calculation. This kind of errors could be caused by error in effective energy release values. They could appear in the calculation of nuclear fuel burn-up and spent nuclear fuel characteristics. In addition, precise effective energy release values are needed for reactors antineutrino spectrum predictions.
In this work using Serpent Monte Carlo code we repeated the calculations executed previously [1] , because it is essential for model and codes cross verification. The new results showed agreement with the previously obtained ones.
Calculation method
The effective energy release can be expressed as:
where: -fission energy, Δ -adjustment considering the loss of fission neutrons kinetic energy after an absorption which leads to fission, Δ -adjustment considering that energy release from fission fragments decay is delayed and -energy released in neutron-capture reactions.
The effective energy released depends on geometrical and material composition of neutron-multiplying system (an investigated model). The energy values on the righthand side of (1) are proportional to fission and capture reaction rates by a respective energy yield.
We used the Serpent Monte-Carlo transport code [2] with cross section and thermal scattering libraries based on ENDF/B-VII database [3] 
Models
The simplest VVER-like model is an equivalent cell. The geometrical parameters of the model are like a fuel pin and its vicinity in a VVER-1000 fuel assembly (Fig 1.) and material composition is a simplified version of regular VVER fuel assemblies' material compositions (Table 1 .) with no fission products. The moderator contains boric acid in such amount that makes the multiplication factor equal one while using reflective boundary conditions. The calculation was carried out for two different temperatures, study the effect of a more complex geometry on the capture energy release component; and 30ZSV, which is identical to the previous one, except that 9 fuel pins contain gadolinium, so on this model, the effect of the presence of burnable absorbers can be shown. Figures 2., 3 . and 4. present the geometrical characteristics of these fuel assemblies. The fuel assembly pitch in a VVER-1000 core is 236 mm.
The material compositions in these models are more accurate as well ( 
Results
The investigated functionals were: the effective multiplication factor K eff , to check the consistency of the models; effective energy release components ΔE and E ; E itself and the E / E ratio as a most expressive value for the calculations.
The results for the equivalent model calculations are shown in tables 2. and 3 and the results for fuel assembly model calculations are shown in tables 5. and 6. Results obtained by MCNP and MCU are cited for comparison from [1] . The relative differences are calculated as:
For the hot state of fuel assemblies, there were only MCU calculations to compare with.
From the result tables we can see that the results obtained using Serpent are in the same order of magnitude as the result of previous calculations: the relative differences are less than or around 1%, similar to differences between MCU and MCNP results in [1] (aside from few instances, which is to be blamed on the round-off).
The various phenomena observed in [1] , can be observed in the Serpent results as well:
• The contribution of capture reactions to the effective energy release is larger in hot state than in cold state in the equivalent cell model: 3.40% vs. 3.15%. This is due to the increment of neutron capture probability in 238 U by Doppler resonance broadening after heating the fuel.
• The aforementioned effect presents itself in smaller magnitude in the fuel assembly models than the equivalent cell models: in the 13ZSV fuel assembly is 3.41% vs. 3.34% and in the 30ZSV it is 3.86% vs. 3.80%. The reason for this is the presence of guide tubes filled with moderator and the difference in the densities of fuel.
• The presence of gadolinium makes the capture energy release contribution larger (3.86% vs 3.41% in hot state and 3.80% vs. 3.34% in cold state), because the energy release of (n,γ) reaction in gadolinium is three times higher than of (n,α) reaction in boron.
Conclusions
We can conclude that using Serpent, we get similar values for the investigated quantities and the results behave qualitatively the same as results obtained by using other transport codes. This fact supports the credibility of the results.
We assured that Serpent is as valid tool for these kind of calculations as MCU and MCNP, so one may choose to use Serpent instead of the latter two codes.
We could see that capture reactions account to 3-4 % of the effective energy release in the investigated models, which is not a negligible amount. Therefore, in the modelling and calculations of VVER reactors, one should consider these reactions beside the fission.
